Fasudil is believed to be at least equally effective as nimodipine for the prevention of cerebral vasospasm and subsequent ischemic injury in patients undergoing surgery for subarachnoid hemorrhage (SAH). We report the final results of a randomized, open trial to compare the efficacy and safety of fasudil with nimodipine. A total of 63 patients undergoing surgery for SAH received fasudil and 66 received nimodipine between 1998 and 2004. Symptomatic vasospasm, low density areas on computed tomography (CT), clinical outcomes, and adverse events were all recorded, and the results were compared between the fasudil and nimodipine groups. Absence of symptomatic vasospasm, occurrence of low density areas associated with vasospasm on CT, and occurrence of adverse events were similar between the two groups. The clinical outcomes were more favorable in the fasudil group than in the nimodipine group (p ＝ 0.040). The proportion of patients with good clinical outcome was 74.5% (41/55) in the fasudil group and 61.7% (37/60) in the nimodipine group. There were no serious adverse events reported in the fasudil group. The present results suggest that fasudil is equally or more effective than nimodipine for the prevention of cerebral vasospasm and subsequent ischemic injury in patients undergoing surgery for SAH.
Introduction
Cerebral vasospasm and the resulting cerebral ischemic injury occurring after subarachnoid hemorrhage (SAH) are still responsible for considerable morbidity and mortality. However, the mechanisms contributing to the development of vasospasm and occurrence of cerebral ischemic injury after SAH have not been fully elucidated. The development of vasospasm is thought to be related to a number of pathological processes, including smooth muscle cell contraction, endothelial damage, changes in vascular responsiveness, and inflammatory reactions. 3, 8, 18, 21) Numerous factors, such as hemodynamic dysfunction including arterial narrowing, endothelial injury, and hyperviscosity and inflammatory responses including leukocyte infiltration and production of O 2 - , have been put forward to account for the causes of cerebral ischemic injury. 1, 6, 9, [11] [12] [13] Activation of the Rho-kinase pathway has been observed when cerebral ischemic injury occurs. 4, 7, 10) 
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Rho-kinase is thought to play a role in the mechanisms underlying the occurrence of hemodynamic dysfunction, such as vasoconstriction, endothelial injury, and hyperviscosity, and inflammatory processes, such as leukocyte infiltration and production of O 2 -. 5, 11, 13, 17) Fasudil and its active metabolite, hydroxyfasudil, are Rho-kinase inhibitors, 15, 22) and are thought to prevent hemodynamic dysfunction and inflammatory processes through the inhibition of Rho-kinase. 11, 13) Fasudil has shown clinical effectiveness in preventing cerebral vasospasm and subsequent ischemic injury in patients undergoing surgery for SAH. 16) Fasudil was launched for that indication and has been widely used in Japan since 1995. 19, 20) Interim results of a randomized trial of fasudil versus nimodipine have shown that fasudil is at least equally potent compared with nimodipine for the prevention of cerebral vasospasm and subsequent ischemic injury in patients undergoing surgery for SAH in the People's Republic of China. 23) Here we report the final results of this trial to evaluate the efficacy and safety of fasudil.
Patients and Methods
This randomized, open trial compared the efficacy and safety of fasudil with those of nimodipine in patients undergoing surgery for SAH. A total of 129 patients were enrolled at 5 neurosurgical institutions in the People's Republic of China between October 1998 and March 2004. This study was approved by the ethical committee at each institution. Patients ranged in age from 20 to 70 years and underwent surgery for ruptured aneurysms within 7 days after SAH. Entry requirements included a baseline Hunt and Hess grades I to IV. Table 1 lists inclusion and exclusion criteria. Comparison of the demographic and background data of patients, including Hunt and Hess grade, Fisher grade, and timing of surgery, found no statistically significant differences between 63 patients receiving fasudil and 66 patients receiving nimodipine (Table 2) .
Patients were randomly assigned to the fasudil (Eril Injection; Asahi Kasei Pharma Corporation, Tokyo) or nimodipine group, and treatment with fasudil or nimodipine was started within 24 hours after aneurysm surgery and continued for 14 consecutive days. Fasudil (30 mg) was prescribed for intravenous administration over 30 minutes three times a day. Nimodipine was administered intravenously at a dose of 0.5-1 mg/hr for 2 hours and thereafter continued at a dose of 1-2 mg/hr.
Patients were followed daily for one month after SAH. Deterioration in level of consciousness, appearance of motor weakness, sensory deficit, or aphasia was recorded as symptomatic vasospasm if there was no other explanation in the postoperative period. Low density areas on computed tomography (CT) were evaluated as none, mild (distinctive infarction with diameter smaller than 1 cm), moderate (moderate infarction with diameter greater than 1 cm to infarction of the distribution of one blood vessel), high (multiple, small moderate infarctions), or severe (large scale infarction extending over the dis- Values represent the number of patients and percentage (in parentheses) of the total within each group. 
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Efficacy and Safety of Fasudil for SAH tributions of two to three blood vessels or infarction of the distribution of the middle cerebral artery). Clinical outcome was assessed at one month after SAH according to the Glasgow Outcome Scale (good recovery, moderate disability, severe disability, persistent vegetative state, or death). Characteristics at baseline were compared using the Wilcoxon rank sum test and the Student's t-test. Adverse events were compared using the x 2 test. Comparisons of efficacy between groups were made using the Cochran-Mantel-Haenszel test, the Wilcoxon rank sum test, and the x 2 test. Tests were two sided, with a significance level of p º 0.05.
Results
The efficacy of fasudil and nimodipine would be at least partly masked if all patients who deteriorated from causes other than vasospasm were included in the study, so this analysis did not include 11 patients whose outcomes were worsened by causes other than vasospasm. Two patients were excluded because of violation of the treatment protocol. The remaining 116 patients (56 in the fasudil group and 60 in the nimodipine group) were included in the analysis of efficacy.
Symptomatic vasospasm occurred in 8/56 patients (14.3%) in the fasudil group and in 14/58 patients (24.1%) in the nimodipine group, showing no significant difference between the two groups (p ＝ 0.244). The occurrence of low density areas associated with vasospasm on CT was similar between the fasudil and nimodipine groups (p ＝ 0.948) ( Table 3) . CT evidence of cerebral infarction was found in 12/55 patients (21.8%) in the fasudil group and in 14/59 patients (23.7%) in the nimodipine group.
Clinical outcomes were more favorable in the fasudil group than in the nimodipine group (p ＝ 0.040) ( Table 4) . Good clinical outcome was achieved in 41/55 patients (74.5%) in the fasudil group and in 37/60 patients (61.7%) in the nimodipine group. Adverse events were observed in 7/63 patients (11.1%) in the fasudil group, and in 12/66 patients (18.2%) in the nimodipine group, with no significant difference between the two groups (p ＝ 0.257) ( Table 5 ). Blood biochemistry abnormalities occurred in 10 patients in the fasudil group. Other adverse events (e.g., confusion, hypotension, and facial flushing) did not occur in patients taking fasudil.
Discussion
The present clinical trial showed that the absence of symptomatic vasospasm and occurrence of low density areas associated with vasospasm on CT were similar between the fasudil and nimodipine groups. In contrast, the clinical outcomes were more favorable in the fasudil group than in nimodipine group. These results suggest that fasudil is more effective in preventing cerebral ischemic injury associated with vasospasm than nimodipine.
Previous studies demonstrated that fasudil, but
not calcium entry blockers including nimodipine, reversed chronic cerebral vasospasm induced in a two-hemorrhage canine model via systemic administration. 2) Nimodipine did not decrease blood viscosity, whereas fasudil prevented hyperviscosity in a rat model of cerebral ischemia. 6) In addition, recent findings on fasudil, such as amelioration of endothelial damage/dysfunction, inhibition of leukocyte infiltration, and inhibition of the production of O 2 -in neutrophils, offer further evidence on the efficaciousness of fasudil in preventing cerebral ischemic injury. 1, 11, 12, 14) These results suggest that the favorable clinical outcomes attributable to fasudil may be due, at least in part, to reductions in various forms of secondary brain damage after the onset of cerebral vasospasm, and that this reduction in secondary brain damage may be the reason why the clinical outcomes were more favorable in the fasudil group than in the nimodipine group.
The present clinical trial compared the efficacy of fasudil with nimodipine. The absence of symptomatic vasospasm and the occurrence of low density areas associated with vasospasm on CT were similar between the two groups. Since this trial was not a placebo-controlled trial, we could not evaluate whether fasudil or nimodipine reduced the incidence of low density areas associated with vasospasm on CT or symptomatic vasospasm. In a prospective, placebo-controlled, double-blind phase III trial in Japan, fasudil reduced the incidence of low density areas associated with vasospasm on CT, the incidence of symptomatic vasospasm, and the number of patients with clinical outcomes associated with vasospasm. 16) In a post-marketing surveillance (PMS) study in Japan, the occurrence of low density areas, the absence of symptomatic vasospasm, and clinical outcomes were similar between patients treated with fasudil in the phase III trial and the patients in the PMS study. 19) The PMS study described the efficacy of fasudil in a large number of patients undergoing surgery for SAH, as demonstrated in the phase III trial. From these results, fasudil administration is thought to prevent the occurrence of symptomatic vasospasm and low density areas on CT, as well as to improve clinical outcomes.
The frequency of adverse events was 11.1% in the fasudil group, with no significant difference compared with the occurrence of adverse events (18.2%) in the nimodipine group. Only blood biochemistry abnormalities (10 cases) occurred in the fasudil group; and these adverse events were generally mild to moderate in severity before ameliorating. In contrast, one patient treated with nimodipine was discontinued from treatment due to hypotension.
The phase III trial and the PMS study in Japan found no differences in the occurrence of adverse events between the fasudil-treated groups and the placebo group. 19) Fasudil is a potent vasodilator, and as such, the question arose whether the potent vasodilatory action of fasudil can cause intracranial bleeding and hypotension in patients with SAH. There was no significant difference in the incidence of intracranial bleeding and hypotension between the fasudil-treated groups and the placebo group. 19) These clinical studies of fasudil demonstrate that increased risks of intracranial bleeding are absent or extremely low; and the risk of hypotension is extremely low. However, higher doses may lower blood pressure, especially in dehydrated patients. Both daily water balance and normovolemic state must be carefully maintained in patients.
There were several limitations in the present study. First, this trial did not use any type of blinded protocol. Second, following the fasudil treatment regimen, treatment for both fasudil and nimodipine was started after aneurysm surgery. Third, details of the episodes of symptomatic vasospasm (for example, rate of transient or permanent symptoms), and the morbidity and mortality due to vasospasm were not recorded. Fourth, details of intracerebral and/or intraventricular hemorrhage in patients with Fisher grade 4 SAH and the impact of the presence of intracerebral and/or intraventricular hemorrhage were not recorded. Further evaluation, for example, using a blinded trial or the details of symptomatic vasospasm or the details of intracerebral and/or intraventricular hemorrhage, may help to more concretely define the efficacy of fasudil for cerebral vasospasm and subsequent ischemic injury in patients with SAH.
The present clinical trial showed that absence of symptomatic vasospasm, occurrence of low density areas associated with vasospasm on CT, and occurrence of adverse events were similar between the fasudil and nimodipine groups. The clinical outcomes were more favorable in the fasudil group than in the nimodipine group. The present results suggest that fasudil is equally or more effective than nimodipine in the prevention of cerebral vasospasm and subsequent ischemic injury in patients undergoing surgery for SAH.
